Purpose: To determine whether the self-management skills of persons with epilepsy (PWE) vary across the different domains of the Epilepsy Self-Management Scale (ESMS). Methods: 172 PWE completed a survey questionnaire as well as the ESMS. Results: Using ANOVA with pairwise comparison, the mean item scores of the medication, seizure, and safety management subscales of the ESMS were significantly higher than the lifestyle and information management subscales (p b 0.01). The mean item score for the lifestyle management subscale was significantly higher than the information management subscale (p b 0.01). Conclusion: PWE in our population performed differently across the various domains of the ESMS and did worse on the lifestyle and information management subscales. We discuss the implications of this on patient counseling and education.
Introduction
Epilepsy is a common neurologic disorder that affects up to 1% of the population [1] . It is a medical condition resulting in repeated, oftentimes debilitating seizures that can lead to injury and death. Despite the advances in the various treatment modalities, around one-third of persons with epilepsy (PWE) continue to have difficult-to-control seizures [2] .
The importance of good seizure control in PWE cannot be overstated. Individuals with poor seizure control, particularly generalized tonic-clonic seizures, are at increased risk for a condition known as "sudden unexplained death in epilepsy" (SUDEP) [3] . In addition, there are numerous social and societal restrictions imposed on PWE who have ongoing seizures that adversely affect their lifestyle and quality of life.
Poor seizure control has been linked to decreased education and intellectual functioning [4] , increased incidence of depression and other mental disorders [5] , as well as an increase in family stress [6] .
It is also well known that a significant number of PWE remain unemployed [7] and this inability to work has often been cited as a major concern [8, 9] . However, it has also been shown that the employment rates for PWE significantly improve if they achieve good seizure control to a degree comparable to individuals who do not have epilepsy [10] .
Poor seizure control also results in restricted mobility and the inability to drive. This is a serious concern, especially in regions where public transportation is unreliable, and has been identified as one of the main barriers that prevent full integration into society and the workplace [11] .
It is now recognized that for many PWE, to achieve optimal seizure control and to enhance one's quality of life entails a multi-pronged approach that requires practicing excellent self-management skills while taking advantages of the technical advances in diagnostics and therapy [12, 13] .
Epilepsy self-management is defined as the "ability of patients to adapt and adhere to the behavioral adjustments needed to reduce seizure frequency and improve overall health" [14] . Good epilepsy selfmanagement encompasses a set of skills including good medication adherence, being able to accurately describe and document one's seizures, practicing safety precautions, having adequate rest, and managing one's stress levels.
The Epilepsy Self-Management Scale (ESMS) is a commonly-used and well-validated self-reported scale that assesses the frequency with which individuals perform tasks that are helpful in managing their seizures [15] . It contains 38 statements each rated on a 5-point Likert scale, with responses ranging from "Never" to "Always". The ESMS is divided into 5 subscales that encompass the realms of medication management -i.e. practicing good medication adherence (10 items), information management -i.e. keeping good records of seizures (8 items), safety management -i.e. avoiding alcohol (8 items), seizure management -i.e. contacting physician if having more seizures than usual (6 items), and lifestyle management -i.e. managing stress (6 items). The total possible scores of the ESMS range from 38 to 190 with higher scores indicating greater use of self-management strategies.
In an earlier study, we were able to determine those demographic and clinical factors that are associated with superior self-management skills in our epilepsy population [16] . However, it is important to determine how patients employ the various self-management skills and whether some are utilized more than others. This is important because since good epilepsy self-management requires a broad set of skills, knowing whether PWE utilize certain self-management skills more than others helps detect those areas for improvement. This can provide direction when designing and implementing self-management programs in order to help PWE optimize their seizure control and improve their quality of life.
The objective of this study was to determine the patterns of selfmanagement among PWE and whether certain self-management skills are used more often than others.
Methods
The Institutional Review Board of the University of Florida Health Sciences Center Jacksonville approved this research.
This study is an extension of an earlier one we conducted at the outpatient clinics of the Comprehensive Epilepsy Program, University of Florida HSC Jacksonville, Florida. In that study, we conducted a direct survey of adult PWE from February to April 2014 and obtained a range of demographic and clinical information as well as psychosocial measures that included the ESMS. We enrolled consenting subjects who were diagnosed with localization-related epilepsy and excluded those with a history of psychogenic, non-epileptic seizures. Subjects considered themselves to be their own primary caregiver and completed the survey without assistance.
In this study, we calculated the mean item score for each subscale (medication, seizures, safety, lifestyle, and information management) of the ESMS by dividing the subscale summated scores by the number of items that comprise each subscale. Because each subscale has a different number of items in the ESMS, determining a subscale's mean item score allows for statistical comparison across subscales.
Statistical analyses were performed using SPSS™ 15.0. All statistical analyses were performed at a 5% level of significance and utilized a 2-tailed test. Tests for skewness and kurtosis were conducted prior to analysis with the intent of transforming the data, if needed, in order to satisfy the assumptions of normality. We then performed one-way ANOVA to determine whether the mean item score for each of the various subscales of the ESMS significantly differed from one another. We employed the Bonferroni correction for pairwise comparison, if necessary.
Results
Over 95% of patients who were invited to participate in the study did so. The demographic and clinical characteristics of the population is detailed in Table 1 . More than 50% of the respondents were Caucasians and a third were African-Americans. The majority of our respondents had no more than a high school education and an annual household income of less than USD 10,000. The vast majority were unemployed, and more than half received disability benefits.
The average age of seizure onset was 22 years and mean seizure duration was 21 years. Nearly 20% had at least weekly seizures but over 25% had seizures less than once a year. Most patients experienced convulsive seizures and had seizures while awake. Over 95% were taking seizure medications. The majority of patients did not know the cause for their seizures.
Of the 182 subjects who comprised the original study, 172 fully completed the ESMS and were included in the present study. The mean item scores for the medication, lifestyle, seizure, safety, and information management subscales were 4.43 (SEM 0.04), 3.1 (SEM 0.05), 4.3 (SEM 0.05), 4.15 (SEM 0.04), and 2.65 (SEM 0.03) respectively. Differences among these scores were statistically significant using one-way ANOVA (p b 0.01) (Fig. 1) .
Using pairwise correction, the mean item scores for medication, seizure, and safety management were significantly higher than those for lifestyle and information management (all p b 0.01 using Bonferroni correction). The mean item score for lifestyle management was also significantly higher than for information management (p b 0.01 using Bonferroni correction). 
Discussion
Our study results indicate that patients utilize certain selfmanagement skills more than others. In particular, our patients scored higher on questions of medication, seizure, and safety management but did relatively poorly on questions dealing with lifestyle and information management.
Our research adds to the few existing studies that have examined how PWE utilize various self-management skills. Interestingly, similar to our findings, these studies also indicate that while PWE do well on the medical side of seizure management, they tend to have more difficulty with lifestyle management. In a study by Kobau and DiIorio, 108 patients responded to a survey that analyzed self-efficacy and outcome expectations for medication adherence as well as healthy lifestyle behaviors. More respondents had higher self-efficacy scores for medication adherence compared to healthy lifestyle behaviors. Significantly lower selfefficacy scores were obtained on issues dealing with getting adequate sleep, regular exercise, and stress reduction [14] . In another study, McAuley and colleagues analyzed the self-management practices of 50 PWE using the ESMS. Similar to our study, scores on information and lifestyle management were significantly lower than the other subscales [17] .
It is probably no surprise that our patients did well on questions of medication, seizure, and safety management. Many of these questions deal with those fundamental issues in epilepsy care that should be discussed and stressed during every clinic visit. These include the importance of proper medication compliance, undergoing the necessary tests, and identifying and avoiding situations that could worsen seizures or cause seizure-related injuries.
However it appears that more work is needed when it comes to educating patients on the importance of lifestyle and information management. Using the ESMS, lifestyle management focuses on issues such as managing stress, practicing relaxation techniques, getting adequate sleep, and regular exercise. Information management emphasizes the importance of seizure documentation, tracking medication side effects and reporting this to their physicians, carrying information on their person to indicate that they have epilepsy, practicing what to do during seizures with their family and friends, as well as participating in epilepsy support groups [15] .
In particular, our findings indicate that in addition to medication, seizure, and safety management, other issues that need to be routinely addressed with PWE are the need to get adequate rest, practice stress management techniques, the need to reliably document and report seizures, and to avail of support services.
The role that sleep deprivation plays in worsening seizures has been long known for both partial and generalized epilepsies [18, 19] . In fact, sleep-deprived EEGs are routinely ordered in an attempt to increase the chances of obtaining epileptiform discharges [20, 21] . Using paired pulse transcranial magnetic stimulation, Badawy and colleagues have shown than there is an increase in cortical excitability during sleep deprivation in both generalized and partial epilepsy [22] .
Unfortunately, sleep deprivation remains a widespread phenomenon among PWE, oftentimes with detrimental effects. Vongkasamchai and colleagues surveyed nearly 400 PWE in Thailand. Subjects were asked to identify provocative factors, if any, to their seizures. Nearly half of the surveyed patients identified at least one seizure trigger, and sleep deprivation was most often mentioned [23] . Nearly half of PWE surveyed by Giorelli and colleagues complained of excessive daytime sleepiness, with this being related to feelings of anxiety as well as increased neck circumference [24] . In addition, the presence of poorly treated sleep apnea in PWE is now recognized as partly responsible for ongoing, drug-resistant seizures [25] .
Both basic and clinical research also illustrate the importance of improved sleep activity as a means of improving seizure control. Among Kcna1-null mice that have both temporal lobe epilepsy and disordered sleep activity, the use of almorexant, an orexin receptor antagonist, has been shown to improve sleep architecture and decrease seizure burden [26] . In PWE who also have obstructive sleep apnea, the use of CPAP has been shown to decrease the amount of interictal epileptiform discharges as well as clinical seizures [27, 28] . These studies emphasize the need to constantly remind PWE to practice good sleep hygiene in order to improve their seizure control and to address those conditions that adversely affect their overall sleep quality. In addition to sleep deprivation, a significant number of PWE also cite emotional stress as a seizure precipitant [29] . In fact, of 266 patients who participated in a survey conducted by Privitera and colleagues, 219 believed that their seizures were worsened by stress. As a consequence, around half of these patients utilized a form of stress reduction/relaxation technique with over 80% of them believing that these exercises helped improve seizure control [30] . An earlier study by Panjwani and colleagues examined the effects of Sahaja yoga meditation on both seizure control and EEG findings in patients with idiopathic generalized epilepsy. Compared to control and sham groups, patients who practiced this form of meditation experienced an 86% decrease in seizure frequency that lasted up to 6 months later, with EEG spectral analysis revealing a shift towards faster frequencies [31] . Lundgren and colleagues studied the effects of either yoga or Acceptance and Commitment Therapy (ACT) on 18 PWE in southwest India. Participants in both study arms maintained their treatment regimen and underwent a 5-week session with additional sessions given at 6 and 12 months. At the end of the study, subjects in both the yoga and ACT study arms experienced a significant decrease in seizure frequency as well as an improvement in quality of life using the Satisfaction with Life Scale as well as the World Health Organization Quality of Life -BREF [32] .
The need to properly document seizure severity and frequency is widely-accepted as an essential part of epilepsy care and is a leading quality measure of the American Academy of Neurology and the National Quality Forum [33] . Unfortunately, a significant number of PWE do not maintain seizure diaries, making it difficult to accurately assess their seizure frequency [34] . Admittedly, there may be legitimate concerns that documenting seizures do not always provide accurate information on seizure counts and severity. The reasons for these vary, and range from the inability of patients to accurately recall seizures as a result of their medical condition, the presence of preexisting memory impairments, and the difficulties in recalling nocturnal seizures [35] . There is also a concern that patients may deliberately underreport their seizures in order to maintain driving or work privileges [36] .
Despite these concerns, the importance of good seizure documentation has been shown by Blachut and colleagues. In their study, patients who routinely document their seizures were able to provide more valuable information that could be used by their providers. When compared to patients who did not document their seizures, those who did had a significantly heightened awareness of their seizures, including those that occured from sleep. Seizure documenters also had better compliance with therapy and were less emotionally labile. Interestingly, those who regularly documented their seizures also reported that it was very easy to do and required very little effort. It is no surprise then that these patients were more satisfied with their treatment [34] . Interestingly, it has also been shown that accurately documenting one's seizures may actually help predict future occurrences of seizures [37] .
Lastly, the role of social support and networking in the care of PWE should not be overlooked. It is known that PWE who have strong social support report less debilitation due to their epilepsy compared to those with poor to no social support [38] as well as an increased sense of control over their lives, enabling them to have better coping mechanisms for handling adversity [39] . Networks such as support groups provide an invaluable source of both emotional support and education for PWE and their caregivers, allowing them to express their concerns in an empathetic environment [6] . The use of interactive, group-based self-management courses that encourage discussion and interaction by participants are being utilized in some centers [40] , although there is definitely a need for more of these services.
Many authors have studied the usefulness of educational and training programs in enhancing the self-management skills of PWE [13, 17, [40] [41] [42] [43] . In general, the content of these programs is broad, encompassing the various topics that comprise self-management. These programs also employ a variety of pedagogical techniques and media. In general, the patient's self-management skills appear to improve in the short term.
Our study indicates that the use of self-management skills varies among PWE, with some skills utilized more than others within a given population. As such, rather than encompassing a broad range of issues, it is worth considering whether self-management programs that focus on specific needs of patients, such as how to adequately manage stress, or how to improve seizure documentation, may also be useful. Such programs may be less costly and time consuming, and may be easier to incorporate into the routine clinical care of patients. As a further step, selfmanagement skills can be assessed in every patient leading to the development of individualized self-management programs. Because of this, it is important to involve patients in the planning and design of their selfmanagement programs [44] .
Our study has several limitations. Our epilepsy program is located in Jacksonville, Florida and a significant portion of our patient population is located in an urban underserved region. As indicated earlier, our study subjects consider themselves to be their own caregiver and were able to complete a written survey. Thus, the results of our study is most applicable to this particular profile of our patient population. Second, the self-management profile of our patient population was derived using the ESMS and was limited to the domains measured by this test. Other self-management tests may include other domains. The Epilepsy Self-Management Measurement Instrument (AESMMI) contains 10 domains including that dealing with stigma management [45] . These other tests may offer a somewhat different self-management profile of an epilepsy population. Lastly, the self-management skills of our patients were solely self-reported and did not take into account the perception of family members and friends, whose opinion may provide a more comprehensive assessment akin to a 360-degree evaluation.
In order to extend the findings of our study, future research can also be performed to determine intra-individual correlation in subscale scores of the ESMS or other tests of epilepsy self-management. Further studies can also be undertaken to determine whether differences in subscale scores can be impacted by different socio-demographic factors.
In summary, our study underscores the fact the self-management is a broad construct and that the self-management skills of PWE may vary across its different domains. Our own patients do well on medication, seizure, and safety management, but do relatively poorly on information and lifestyle management. This knowledge now provides us with practical information on how to direct our self-management initiatives which, in addition to utilizing the latest technological advances in care, should help improve our patients' seizure control and enhance their quality of life.
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